Introduction: An InGaP=InGaAs based pseudomorphic high-electronmobility transistor (PHEMT) with AlGaAs spacer for low noise and high linearity application is developed. The device structure is as shown in Fig. 1 . It uses high doping concentration n þ -GaAs as cap layer to form good ohmic contact for the drain and source electrodes. The InGaP layer is used as the Schottky layer. The use of InGaP instead of AlGaAs as the Schottky layer for the PHEMT has the following advantages. Foremost, InGaP has higher energy bandgap that can reduce the gate leakage current. Additionally, InGaP does not form a deep-complex (DX) centre at the desired doping level. Finally, high etch selectivity between InGaP and GaAs can be achieved, which improves the gate recess uniformity [1] . In this Letter, we use AlGaAs as the spacer layer above and below the InGaAs channel layer to increase the electron mobility, and high electron mobility of 6410 cm 2 =Vs in the 2DEG channel region was achieved. This is believed to be highest electron mobility formed in the InGaP=InGaAs PHEMT. Two delta-doped layers are used above and below the quantum well region to improve the transconductance flatness of the device [2, 3] . Finally, AlGaAs=GaAs superlattice was used to reduce the leakage current from the substrate. Results: Because of the use of InGaP layer and the AlGaAs spacer with dual delta doped structure, the device has very low leakage current, low-noise with very high IP3 that can be of great use for microwave applications.
The
can reach up to 15.2 V. The 160 mm gate-width device has a noise figure of 0.59 dB with 11.7 dB associated gain at 12 GHz and the f t and f max are 80 and 190 GHz, respectively. The 0.25 Â 300 mm 2 PHEMT device shows high output 3 order intercept point (IP3) of 28.1 dBm and the output power 1 dB compression (OP 1dB ) of 11.1 dBm with gain 16.2 dB when DC bias at V ds ¼ 2.4 V, I ds ¼ 28.6 mA at 6 GHz as shown in Fig. 2 . Compared with the conventional AlGaAs= InGaAs PHEMT data, the InGaP=InGaAs PHEMT developed has high D(IP3-OP 1dB ) and high IP3=P DC ratio as shown in Table 1 [6] . Furthermore, gate leakage current of the device is very low. Fig. 3 shows the gate current against reverse gate-source voltage with different drain source, the gate current is 36 mA=mm at V ds ¼ 7 V, V gs ¼ À0.8 V. Conclusion: An InGaP=InGaAs PHEMT with a very low noise figure, low third-order distortion, and low DC power consumption is developed.
The outstanding performance of the device is attributed to the use of high bandgap InGaP as the Schottky layer so as to improve the noise figure and reduce the gate leakage current, along with the use of AlGaAs as the spacer to improve the electron mobility and the use of dual delta doped layers to improve the device linearity. The developed InGaP=InGaAs PHEMT with very low noise figure and leakage current and very high OIP3 is of great use for wireless communication applications. Chun-Yen Chang (Department of Electronic Engineering, National Chiao Tung University, Hsinchu 300, Taiwan, Republic of China)
